Synthetic glucocorticoids (GCs) such as dexamethasone and prednisone are widely used in the treatment of a range of severe inflammatory and autoimmune conditions.^[@bib1]^ The synthetic GCs exert their effects via binding to the ubiquitous intracellular GC steroid receptor that in its ligand-binding conformation alters transcription of a large range of genes important for a diverse set of biological functions in metabolism, immunity, and bone/collagen formation.^[@bib1]^ The GC receptor is present in the cytoplasm of most types of cells, but the GC-induced gene expression profile depends on the cell type. The anti-inflammatory effect of GCs relates both to their effect on lymphocytes and on macrophages. In the T and B lymphocytes and in eosinophils high doses of GCs dramatically reduce cell division and survival (triggering apoptosis of T cells and eosinophils),^[@bib2]^ whereas the anti-inflammatory GC effect in macrophages relates to a reduced expression of pro-inflammatory cytokines such as tumor-necrosis factor-α(TNF-α), interleukin (IL), and IL-6^[@bib3],[@bib4]^ and a modulation of phenotype in the direction of the alternatively activated macrophages (the M2-like macrophages).^[@bib5],[@bib6],[@bib7]^ The essential role of macrophage in inflammation is supported by the fact that the pro-inflammatory cytokines TNF-α, IL-1, and IL-6, which mainly originate from macrophages,^[@bib5],[@bib6]^ are validated targets for anti-inflammatory therapy.^[@bib8],[@bib9],[@bib10]^ Consequently, a range of TNF-α antibodies and binders inhibiting the TNF-α effect have been developed and marketed for treatment of inflammatory diseases.^[@bib8],[@bib11],[@bib12],[@bib13]^

The present approach was initiated in order to reduce the macrophage-produced cytokine activity by selective targeting of macrophages with GC. In parallel to the development of antibody-drug conjugates (ADC), functioning as immunotoxins in cancer therapy,^[@bib14]^ we developed an anti-inflammatory ADC consisting dexamethasone linked to a monoclonal antibody against the macrophage-specific surface expressed endocytic receptor CD163. In humans, CD163 has been identified as the high affinity receptor for uptake of haptoglobin--hemoglobin complexes and a low affinity receptor for hemoglobin.^[@bib15],[@bib16]^ CD163 is highly expressed in tissue macrophages in liver, spleen, and bone marrow, concordant with the high daily turnover of hemoglobin released into plasma due to physiological intravascular hemolysis (10--20% of total hemoglobin turnover). CD163 is also highly expressed on macrophages at sites of inflammation such as atherosclerotic lesions and inflamed joints in rheumatoid arthritis.^[@bib17],[@bib18],[@bib19]^ CD163 is suggested to play an anti-inflammatory role by stimulating metabolism of the pro-inflammatory hemoglobin into its anti-inflammatory metabolites bilirubin and carbon monoxide.^[@bib20]^ The high endocytic activity of CD163 further contributes to fast removal of hemoglobin^[@bib20]^

This study now demonstrates the first design, construction and characterization of an anti-inflammatory macrophage-targeting ADC generated by linking GC to an anti-CD163 mAb. The anti-inflammatory potential was studied by analysing the *in vitro* and *in vivo* efficacy in suppression of lipopolysaccharide (LPS)-induced inflammation.

Results
=======

Design and synthesis of anti-CD163-dexamethasone conjugate
----------------------------------------------------------

**[Figure 1](#fig1){ref-type="fig"}** shows a schematic structure of the anti-CD163-dexamethasone conjugate synthesized by conjugating dexamethasone-hemisuccinate-NHS esters to the primary amino groups of the mouse anti-rat CD163 monoclonal antibody Ed-2 (anti-CD163), which binds specifically to macrophages in rat tissues.^[@bib21],[@bib22]^ In average, four dexamethasone molecules were conjugated per antibody with less than 1% remaining as free dexamethasone in the final preparations. Gel electrophoresis and size exclusion chromatography showed that the dexamethasone conjugation of anti-CD163 did not lead to the degradation or the formation of aggregates (**Supplementary Figure S1** online). In a similar way, we synthesized anti-CD163 conjugated with the alternative GC analogues, prednisolone, and fluocinolone acetonide, which both have accessible hydroxyl-groups for hemisuccinate linkage (results not shown).

CD163-mediated binding of anti-CD163-dexamethasone conjugate
------------------------------------------------------------

Western blot analysis (**[Figure 2a](#fig2){ref-type="fig"}**) and flow cytometric binding analysis (**[Figure 2b](#fig2){ref-type="fig"}**) of Chinese hamster ovary (CHO) cells expressing rat recombinant CD163 (**[Figure 2a](#fig2){ref-type="fig"}**) showed maintained reactivity and specificity of anti-CD163 after dexamethasone conjugation. Accordingly, flow cytometry of rat spleen cells demonstrated specific binding of the antibody conjugate to CD172a and CD4 positive cells, *i.e.*, monocytes/macrophages (**[Figure 2c](#fig2){ref-type="fig"}**).

CD163-mediated uptake of anti-CD163-dexamethasone conjugate
-----------------------------------------------------------

Analysis of transfected CHO cells expressing rat CD163 showed an efficient uptake of ^125^I-labeled anti-CD163, whereas no uptake was seen in nontransfected control CHO-cells (**[Figure 3](#fig3){ref-type="fig"}**). Degradation of the antibody measured as increase in the appearance of free ^125^I in the medium increased slightly after 2 hours compared with nontransfected cells. The uptake and cellular localization of anti-CD163-dexamethasone in the CHO cells as monitored by confocal microscopy showed uptake and intracellular colocalization of anti-CD163 and dexamethasone after 30 minutes (**[Figure 4a](#fig4){ref-type="fig"}**). After 2 hours, only partial colocalization of dexamethasone and the antibody was observed, thus indicating separation of the drug from the conjugate. Similar data were obtained for macrophage-like cells from rat spleen, whereas other nonmacrophage spleen cells did not exhibit measurable uptake of anti-CD163 or dexamethasone (**[Figure 4b](#fig4){ref-type="fig"}**).

*In vitro* analysis of the anti-inflammatory effect of anti-CD163-dexamethasone conjugate
-----------------------------------------------------------------------------------------

The anti-inflammatory effect of anti-CD163-dexamethasone was examined *in vitro* by measuring LPS-mediated TNF-α production in rat macrophages incubated with free dexamethasone, anti-CD163-dexamethasone, control conjugate (IgG-dexamethasone), or nonconjugated anti-CD163 for 15 minutes (**[Figure 5](#fig5){ref-type="fig"}**) and then challenged with LPS after 18 hours. Anti-CD163-dexamethasone, control IgG-dexamethasone conjugates, and free dexamethasone (1 µg/ml) prevented LPS-mediated stimulation of rat macrophages, whereas anti-CD163 or vehicle alone had no effect on TNF-α secretion (data not shown). At dosing interval 10^−3^--10^−6^ mg/ml, the effect of anti-CD163-dexamethasone was significantly higher than that of free dexamethasone (*P* = 0.046) and IgG-dexamethasone (*P* = 0.028), and the effect of dexamethasone was higher than that of IgG-dexamethasone. The observed superior effect of anti-CD163 conjugated dexamethasone on the suppression of TNF-α secretion relative to free dexamethasone was only observed for shorter incubation times. When incubation was prolonged to 1 hour, the difference in effect between the two was abrogated (not shown). This probably reflects that passive diffusion of glucocorticoid in this system is slightly slower than the delivery via the CD163-mediated endocytosis.

The *in vivo* anti-inflammatory effect and pharmacokinetics of anti-CD163-dexamethasone conjugate
-------------------------------------------------------------------------------------------------

The anti-inflammatory effect of anti-CD163-dexamethasone *in vivo* was examined in rats injected with LPS that induces endotoxemia and acute inflammation.^[@bib23],[@bib24]^ Nineteen hours before the challenge with LPS, rats were i.v.-injected with dexamethasone, anti-CD163-dexamethasone, control-IgG-dexamethasone, or vehicle control. The inflammatory response to the LPS challenge was monitored by measuring TNF-α and IL-1 in the rat serum (**[Figure 6a](#fig6){ref-type="fig"}**). Dexamethasone was tested in two doses, a high dose (1 mg/kg) and a low dose (0.02 mg/kg). The high dose corresponds to the dose for maximal efficacy in other rat studies.^[@bib25],[@bib26]^ The anti-CD163-dexamethasone conjugate was tested in two doses, where the dexamethasone content corresponded to the low dexamethasone content (0.02 mg/kg) and a fivefold lower dose (0.004 mg/kg). As compared with vehicle, a significantly lower TNF-α response was measured in animals treated with free high doses dexamethasone, whereas no effect was seen with the low dose. However, in the anti-CD163-dexamethasone form, the effect of the low dose (0.02 mg/kg) was comparable with the effect of the 1 mg/kg free dexamethasone dose. Similar data were obtained for serum IL-1, where the low doses of anti-CD163-dexamethasone almost completely abrogated the LPS-induced increase in IL-1. The inhibition of IL-1 induction by anti-CD163-dexamethasone was more efficient than that of free dexamethasone, even when this was at a 50-fold higher concentration (**[Figure 6b](#fig6){ref-type="fig"}**) (*P* \< 0.02).

**[Figure 7](#fig7){ref-type="fig"}** shows the plasma disappearance of the therapeutic dose of anti-CD163-dexamethasone (2.4 mg protein/kg) in rats. Fifty percent of the conjugate disappeared from plasma in 20 minutes. The clearance curves of the anti-CD163 and dexamethasone moieties of the conjugate were virtually identical indicating a high stability of the conjugate in plasma (**[Figure 7](#fig7){ref-type="fig"}**). Furthermore, nonconjugated anti-CD163 showed a similar clearance profile as compared with anti-CD163-dexamethasone administered in the same doses (data not shown). However, the clearance of ^125^I-labeled anti-CD163 at a 50-fold lower dose (0.05 mg/kg) showed a half-life of 4 minutes due to uptake in mainly spleen and liver (**Supplementary Figure S2** online). This indicates that the CD163 system is saturable.

Systemic nonmacrophage effects of anti-CD163-dexamethasone conjugate
--------------------------------------------------------------------

Comparison of the effect of the conjugate and high dose dexamethasone showed that two injections of 1 mg/kg free dexamethasone for acute therapy virtually erased cortisol from circulation after 2 days, whereas the equipotent dose (in terms of anti-inflammatory effect) of the conjugate had no significant effect on the cortisol levels (**[Figure 8a](#fig8){ref-type="fig"}**). Furthermore, we measured the effect on the weight of thymus, spleen, and whole body. The weight of the thymus after the administration of dexamethasone is a well-known parameter that reflects the corticosteroid-mediated apoptosis of lymphocytes, which are the dominating cells in the thymus.^[@bib27],[@bib28],[@bib29]^ Accordingly, two injections of 1 mg/kg free dexamethasone led to about a twofold reduction in thymus weight after 2 days as compared with the other groups (ANOVA test, *P* \< 0.0001) (**[Figure 8b](#fig8){ref-type="fig"}**). No effect on thymus weight was observed for any of the other groups compared with vehicle-treated rats. Similar results were found for the spleen, which also undergoes a slight weight dexamethasone-induced reduction due to lymphocyte loss (**[Figure 8b](#fig8){ref-type="fig"}**) (ANOVA test, *P* \< 0.0001). High dose weight dexamethasone injections (1 mg/kg) also reduce overall body (reduction of muscle, bone, and connective tissue) and a significant weight loss was seen compared with vehicle or dexamethasone conjugate injections (48 hours post first injection) (**[Figure 8d](#fig8){ref-type="fig"}**) (ANOVA, *P* = 0.0015).

A prolonged study of systemic effects (**Supplementary Figure S3** online) running for 9 days with four injections revealed a similar picture, but in this case with far more pronounced effect of the high dexamethasone dose on the weight of thymus (\>75% reduction), spleen, and body. Endogenous cortisol was completely suppressed as in the short term study. The low concentrations of free dexamethasone exhibited significant reductions in the weight of thymus (*P* \< 0.0001) and spleen (*P* \< 0.002) as compared with vehicle. Conjugated dexamethasone at 0.02 mg/kg exhibited a small but significant reduction in thymus weight (*P* \< 0.0001). Interestingly, low dose free dexamethasone has a significantly higher effect on thymus and spleen weight than the corresponding conjugated CD163 targeted dose (*P* = 0.013 and 0.039, respectively), thus indicating that not only the low concentration of dexamethasone, but also its targeting to macrophages reduces corticosteroid-mediated apoptosis of lymphocytes.

Discussion
==========

The present study describes a rat anti-CD163 mAb-dexamethasone conjugate as a novel type of anti-inflammatory ADC. This anti-CD163-dexamethasone ADC has conserved binding affinity for CD163 and an *in vivo* potency about 50-fold higher than that of nonconjugated dexamethasone measured as reduction in LPS-induced TNF-α secretion. In contrast to a strong systemic effect of nonconjugated dexamethasone, the equipotent (in terms of effect on TNF-α secretion) dose of the ADC had no or low effect measured as thymus, spleen, and body weight reduction. According to the allometric conversion factor recommended by the Federal Drug Administration guidelines,^[@bib30]^ the high dexamethasone dose used in this study corresponds to the upper end of dosing in human therapy and the low dose dexamethasone present in the conjugate represent the other end.^[@bib30],[@bib31]^

As GSs represent the most potent class of anti-inflammatory drugs, it has been a long wish to develop GC analogues with a preferential anti-inflammatory effect compared with other effects that cause the severe adverse effects making prolonged GCs therapy hazardous. Whereas the regulation of GC potency and the reduction of unwanted mineralocorticoid effects of GCs have proved successful by changing side groups in the cyclopentanophenanthrene structure, it has not been possible to develop steroid variants with a specific anti-inflammatory effect avoiding the systemic GC effect. The reason is probably that the cytosolic GC receptor cannot mediate differentiated signals upon ligand binding. Our approach has therefore been to develop a low dose GC therapy with a specific high dose effect on macrophages including the macrophages at the sites of inflammation.

The ADC approach is a well established method for directing cytostatic drugs to cancer cells and several drugs are in clinical development,^[@bib32]^ but to our knowledge this is the first study of using the ADC approach for directing an anti-inflammatory drug to macrophages. Other studies^[@bib33],[@bib34],[@bib35],[@bib36],[@bib37],[@bib38]^ have previously investigated other approaches of GC-targeting to macrophages. One line of research has been to inject GC-loaded liposomes of various forms including negatively charged liposomes intended to target the macrophage scavenger receptor type 1^[@bib37]^ and mannosylated liposomes intended to target the mannose receptor.^[@bib38]^ Also GC conjugated to mannosylated albumin has been studied.^[@bib36]^ These studies have shown some effect in experimental animal models of arthritis, atherosclerosis and lung inflammation, although with an apparent much lower gain in efficacy compared with the present ADC approach. Whether this is due to difference in targeting efficacy, different target expression, or the use of different experimental conditions cannot be concluded at present.

Our data showed a vesicular uptake in CD163-positive cells as expected (**[Figure 4](#fig4){ref-type="fig"}**). Due to the esterase-sensitive linkage and the general proteolytic milieu in the endocytic pathway, dexamethasone may be released in the lysosome and reach the cytosol by passive diffusion. This could suggest a longer response time but our in vitro efficacy study in rat macrophages indicated in fact a faster uptake of dexamethasone by CD163-mediated endocytosis (**[Figure 5](#fig5){ref-type="fig"}**) when it was conjugated to a high affinity anti-CD163 antibody.

The overall gain in efficacy of the conjugated dexamethasone compared with free dexamethasone was far higher in the in vivo rodent system compared with the in vitro system with CD163-expressing rat macrophages in culture. Diffusion of the nonconjugated drug, but not the conjugated drug, into the entire pool of body cells (mostly CD163-negative) in the in vivo settings may explain this difference.

The present data on a model of acute inflammation also opens exciting avenues for potential new treatment regimens using macrophage-targeted dexamethasone (or other GCs) in inflammatory diseases (*e.g.*, rheumatoid arthritis and Mb. Crohn) where TNF-α has been validated as a target for biological drugs.^[@bib6]^ It is tempting to speculate that macrophage-targeted dexamethasone may have an even more pronounced anti-inflammatory effect than anti-TNF-α biologicals because the macrophage-release of other pro-inflammatory cytokines also will be reduced as demonstrated for IL-1 in this study (**[Figure 6](#fig6){ref-type="fig"}**). Furthermore, the drug will be more effective in reducing paracrine TNF-α signalling at the local sites of inflammation. The GC-conjugates may also be used in indications such a sepsis and acute hepatitis (*e.g.*, acute alcoholic hepatitis) where high dose GC treatment normally is complicated by the risk of stimulating progression of sepsis.

The high monocyte/macrophage-restricted CD163 expression in macrophages and the high endocytic activity of CD163 suggests that the receptor is an ideal target candidate for directing GC drugs to macrophages. Furthermore, the use of CD163 for GC entry is supported by the positive regulation of the CD163 expression^[@bib39],[@bib40]^ and the high CD163 expression in macrophages at sites of inflammation, such as arthritis and atherosclerosis.^[@bib17],[@bib18],[@bib19]^ In addition to the direct targeting of macrophages in inflamed areas, it is also possible that GCs may prime circulating CD163-expressing monocytes to be recruited to sites of inflammation.

The use of CD163-mediated targeting of macrophages may not be restricted to inflammation only, but may also be a potential strategy in other indications where macrophages play a pivotal role. In certain infectious diseases, such as tuberculosis and HIV, the pathogen uses the macrophages as host cell. Furthermore, some myelomonocytic-derived cancers, for instance histiocytic sarcomas, express CD163,^[@bib41],[@bib42]^ and targeting cytotoxic drugs seems highly relevant to investigate.^[@bib41]^ Finally, the rare lysosomal storage disease, Gaucher\'s disease, of which certain patients can be treated by injections of the missing functional enzyme glycosylceramidase in a mannosylated form, may be regarded as potential indication. These Gaucher patients have multiorgan accumulation of large abnormal lipid-loaded macrophages (Gaucher cells) with a very high CD163 expression.^[@bib43]^ It seems therefore likely that the targeting of the enzyme to CD163 that immediately will direct it to the lysosome would greatly lower the cost of therapy, which at present is hampered by the need of high and expensive doses of enzyme.^[@bib44],[@bib45],[@bib46]^

In conclusion, antibody-medicated drug-targeting to the hemoglobin scavenger receptor CD163 is a new potential approach for a safe therapy of acute and perhaps also chronic inflammatory diseases as well as it serves as new direction for development of improved treatment of other classes of disease.

Materials and Methods
=====================

***Synthesis of dexamethasone-hemisuccinate-NHS ester rat anti-CD163 mAb conjugate***. Dexamethasone (dexa) (Sigma-Aldrich, Broendby, Denmark)(1.00 g, 2.55 mmol) and succinic anhydride (Sigma-Aldrich) (1.27 g, 12.69 mmol) were stirred overnight at room temperature (RT) in 15 ml pyridine. The solution was poured into a mixture of 50 g ice and 20 ml HCl (4 mol/l), filtered and the obtained precipitate was washed twice with 20 ml ice cold HCl (4 mol/l). The precipitate was dissolved in tetrahydroduran and transferred to a round bottom flask, evaporated three times with toluene. Finally, the solid was dried on high vacuum overnight. Dexamethasone-hemisuccinate (1.25 g, 100%) appeared as a white solid. Dexamethasone-hemisuccinate (500 mg, 0.988 mol) was dissolved in 20 ml dry THF. N-hydroxysuccinimide (Sigma-Aldrich) (171 mg, 1.48 mmol) and N-ethyl-N\'-(3-dimethylaminopropyl) carbodiimide (200 mg, 1.04 mmol) were added and the reaction was stirred overnight at RT. The solvent was removed in vacuo and the product was purified by flash chromatography (pentane-EtOAc; 2:8) giving dexamethasone-hemisuccinate-NHS (376 mg, 63%) as a white solid. Dexamethasone-hemisuccinate-NHS ester (dexamethasone-hemisuccinate-NHS) was stored at −20 °C. In order to conjugate mAb with dexamethasone, 50 µl of a 1 mg/ml dexamethasone-hemisuccinate-NHS solution in DMSO were added slowly to 1 ml of a 1 mg/ml solution of the rat CD163 antibody Ed-2 (AbD Serotec, Düsseldorf, Germany) (anti-CD163) or control murine IgG (Mouse gamma globulin, Jackson ImmunoResearch, Suffolk, UK) in PBS pH 8.3 while gently agitating. Reaction mix was then incubated for 15 minutes at 25 °C while gently agitating. The conjugation was terminated by adding 100 µl 5 mmol/l glycine in phosphate-buffered saline (PBS) pH 8.3 per ml reaction mix and incubated at 25 °C for further 30 minutes with gentle agitation. The reaction mixture was subsequently diafiltered using spin filters (Amicon-Ultra, 30K, Millipore, Copenhagen, Denmark) into PBS pH 7.4 (Invitrogen, Taastrup, Denmark). Conjugates were sterile filtered and analyzed for protein concentration and the amount of free and total (free + conjugated) GC. Samples were diluted to the desired concentration in PBS, pH 7.4 and stored either at 4 °C or in liquid nitrogen.

To test for potential aggregation or fragmentation equal amounts (50 µg) of anti-CD163 and anti-CD163-dexamethasone conjugate were compared either by SDS-PAGE (NuPAGE Novex 4-12% Bis-Tris polyacrylamide gels (Invitrogen A/S, Taastrup, Denmark)) in 1 × MOPS running buffer (Invitrogen) or compared by analytical high-pressure size exclusion chromatography coupled to a multi-angle light scattering instrument (Wyatt Technology Europe GmbH, Dernbach, Germany) using a TSKgel G4000PW × l column with PBS as running buffer, elution was monitored at 210 nm. For measuring the total dexamethasone content in the conjugate preparations, 20 µl conjugate samples were hydrolyzed by incubation with 50 µl of 0.1 mol/l sodium hydroxide for 15 minutes at RT. The pH was adjusted with 50 µl of 0.1 mol/l hydrochloric acid. Samples were filtered through 0.45 µm RC membrane syringe filters (Phenomenex, Allerod, Denmark) and volumes from 1 to 50 µl were loaded on an C18 column (Hyperclone C18, 3 µm, 150 × 460; Phenomenex) in an Shimadzu 10 A HPLC System (Shimadzu, Kyoto, Japan) and eluted isocratic with 40% acetonitrile (HPLC-grade, Scharlau, Barcelona, Spain) in 50 mmol/l potassium-acetate buffer, pH 5.0 at 0.5 ml/min. Elution was monitored by measuring 240 nm absorption by a Shimadzu SPD 10A VP detector. The column heater was set to 30 °C and autosampler/vial holder to 4 °C. To measure the level of free dexamethasone or dexamethasone-hemisuccinate the sample was loaded directly onto the column without hydrolysis. The amount of dexamethasone or dexamethasone-hemisuccinate in the injected sample was calculated by integration of peak areas, a 2 µg/ml dexamethasone solution in 10% ethanol (Dexamethasone for HPLC; Sigma-Aldrich), respectively dexamethasone-hemisuccinate solution were used to obtain linear calibration curves. The protein concentration was determined using the Quick Start Bradford Dye Reagent (BioRad, Copenhagen, Denmark) according to the instructions of the manufacturer and bovine gamma globulin (Pierce; Thermo Scientific, Copenhagen, Denmark) as reference. The Bradford assay was calibrated by a total amino acid analysis determination of protein in an anti-CD163-dexamethasone sample.

***Rat CD163-expressing CHO cells***. Rat CD163 cDNA was obtained by gene synthesis using the GenPept Accession No. NP_001101357 as template (GenScript, Piscataway, NJ). Rat C163 cDNA was subsequently subcloned into the pcDNA5/FRT plasmid (Invitrogen) using *Kpn*I and *Hind*III restriction enzymes (Fermentas GmBH, St. Leon Rot. Germany) and T4 DNA ligase (Invitrogen). Stably transfected CHO cells expressing rat CD163 were established by transfecting the rat CD163 cDNA containing plasmid into FlpIn CHO cells using the FlpIn system (Invitrogen) and subsequently maintained in Hyclone CCM5 (Thermo Fischer Scientific, Copenhagen, Denmark) supplemented with 100 µg/ml penicillin, 100 µg/ml streptomycin, and 300 µg/ml Hygromycin (Invitrogen)

***Western blot analysis of binding to rat spleen lysate***. Approximately 1 × 10^7^ transfected CHO cells expressing rat CD163 or the corresponding mock cell line were lysed using 1 ml PBS buffer, pH 7.4, containing 1% Triton X-100 (Merck KGaA, Darmstadt, Germany), and "complete mini protease inhibitor cocktail\' (Roche, Hvidovre, Denmark). Thirty microliter of the lysate was loaded and analyzed on an SDS-PAGE gel as described. The SDS-PAGE-resolved proteins were transferred onto a polyvinylidene difluoride membrane using the iBlot gel transfer device (Invitrogen), and blocked with a buffer (2 mmol/l CaCl~2~, 1 mmol/l MgCl~2~, 10 mmol/l HEPES, and 140 mmol/l NaCl; pH 7.8) supplemented with 0.05% Tween-20 and 5% nonfat milk, and subsequently incubated with anti-CD163 or anti-CD163-dexamethasone. After washing, the membranes were incubated with HRP-conjugated anti-mouse IgG antibody (1:20,000 dilution; Sigma-Aldrich), and immunoreactive bands were visualized with enhanced chemiluminescence western blotting substrate.

***Uptake of anti-CD163 in rat CD163 expressing CHO cells***. ^125^I-labeling of mouse anti rat CD163 mAb (Ed-2) and endocytosis in rat CD163-transfected CHO cells and mock-transfected CHO cells were carried as previously described for labeling of anti-human CD163 mAb and endocytosis of the radiolabel in human CD163 CHO cells.^[@bib47]^

***Flow cytometric analyses of CD163-expressing CHO cells and rat splenocytes***. The cell suspensions were washed in PBS pH 7.4 (0.1% NaN~3~) and the cell density adjusted to 5 × 10^6^/ml. CD163 expressing CHO cells were incubated at 0.5 × 10^6^/ml with Ed-2 or anti-CD163-dexamethasone (0.1 µg) in 100 µl PBS pH 7.4 (0.1% NaN~3~ and 2% fetal bovine serum (FBS)(PAA Laboratories, Cölbe, Germany)) for 45 minutes at 4 °C in the dark. Subsequently, the cells were washed in PBS (0.1% NaN~3~) and incubated with anti-mouse IgG-FITC for 30 minutes at 4 °C. Cell suspensions of rat splenocytes were incubated at 0.5 × 10^6^/ml with anti-CD163-dexamethasone labeled with Alexa Fluor 488 using the Zenon Mouse IgG labelling kit (Invitrogen), anti-dexamethasone (Abcam, Cambridge, UK) labeled with PerCP using the Lighting LINK PerCP Conjugation Kit (Innova Bioscience, Cambridge, UK), anti-rat CD4-APC (Invitrogen), and anti-rat CD172a-PE (ED-9) (AbD Serotec)(0.2--0.5 µg) in 100 µl PBS pH 7.4 (0.1% NaN3 and 2% FBS) for 45 minutes at 4 °C. Negative/isotype control staining of the rat splenocytes was performed with mouse IgG1-Alexa Fluor 488 (AbD Serotec) and rabbit IgG-PerCP (Santa Cruz Biotechnology, Santa Cruz, CA). The stained cells were washed twice in PBS pH 7.4 (0.1% NaN3 and 2% FBS) by centrifugation at 225g for 5 minutes, 4 °C before analysis on a FACSCalibur flow cytometer (BD Biosciences, Copenhagen, Denmark). The data were further analyzed using the FlowJo7 software package (Tri Star, Origon).

***The rat in vitro LPS model***. Rat spleen cell suspensions were prepared from female Lewis rats (Harlan, Blackthorn, UK). The purified cells were suspended in RPMI 1640 medium (Invitrogen) supplemented with 10% FBS and 2 mmol/l [L]{.smallcaps}-glutamine and cultured (2 × 10^5^/well) overnight in 96-well flat bottomed plates (125 µl/well) at 37 °C and 5% CO~2~. anti-CD163-dexamethasone, control IgG-dexamethasone, free dexamethasone (Sigma-Aldrich), nonconjugated anti-CD163 or vehicle (PBS pH 7.4) were serially diluted in supplemented RPMI 1640 medium and added (100 µl) to the overnight cell cultures at final concentrations ranging from 1 to 10^−7^ µg dexamethasone/ml. After incubation for 15 minutes, the cells were washed twice in RPMI medium by centrifugation at 1,200 rpm for 5 minutes and careful aspiration of supernatant before addition of supplemented RPMI medium to the wells and further incubation overnight. Each incubation condition was tested in duplicates or triplicates in each experiment. After 18 hours, the cells were challenged with LPS (Sigma-Aldrich) (250 ng/ml) for 4 hours before supernatant was aspirated from each well and frozen at −20°C. The supernatants were analyzed for the presence of TNF-α using the rat CytoSet Antibody Pairs kit (Invitrogen) in a sandwich enzyme-linked immunosorbent assay according to the manufacturer\'s instructions.

***Confocal microscopy of CHO cells and rat splenocytes***. A mixture of mock-transfected CHO cells and CHO cells expressing CD163 or rat spleen cell suspensions were cultured overnight in Hyclone CCM5 supplemented with 300 µg/ml Hygromycin or RPMI 1640 medium supplemented with 10% FBS and 2 mmol/l [L]{.smallcaps}-glutamine in chambered cover glass (Nunc A/S, Roskilde, Denmark) coated with Poly-[D]{.smallcaps}-Lysine (Sigma-Aldrich). Adhered cells were incubated with anti-CD163-dexamethasone for 30 minutes at 37 °C and 5% CO~2~ and rinsed three times with PBS containing 10% FBS (also used for later rinses) and further incubated for 2 hours. Following incubation, the cells were rinsed three times before fixation in 4% paraformaldehyde for 10 minutes at RT. After two rinses in BD Perm/Wash buffer (BD Bioscience), the cells were permeabilized with Perm/Wash buffer containing FBS and saponin for 15 minutes at RT. Next, the cells were rinsed two times in Perm/Wash buffer and incubated 1 hour at RT with anti-mouse IgG-Alexa Fluor 488 (Invitrogen) and anti-dexamethasone (Abcam) labeled with PerCP using the Lighting LINK PerCP Conjugation Kit (Innova Bioscience), diluted in Perm/Wash buffer. Following three rinses in Perm/Wash buffer, the cells were fixed in 4% paraformaldehyde for 10 minutes at RT. Finally, the cells were incubated with Hoechst 33342 (Sigma-Aldrich) before visualization using a Zeiss LSM-710 confocal microscope system (Carl Zeiss MicroImaging GmbH, Jena, Germany).

***Animals***. Female Lewis rats, 9--11 weeks of age, were obtained from Harlan Laboratories, United States. All animal experiments were performed after 1--3 weeks acclimation on standard diet. The animals were maintained under controlled temperature (20 ± 2 °C) and light (lights on 08:00--20:00 hours). The experimental protocols were approved by The Danish Experimental Animal Inspectorate.

***Pharmacokinetics of anti-CD163-dexamethasone in rats***. The rats were placed and adjusted in a restrainer (Agnthos, Liningo, Sweden) to allow for intravenous injection without anesthesia. Anti-CD163-dexamethasone was administrated to the rats intravenously via the tail vein (2.4 mg Ab/kg, *n* = 4). To examine anti-CD163-dexamethasone pharmacokinetics, blood samples were collected from the sublingual vein of the tongue at multiple time-points post anti-CD163-dexamethasone injection. Serum concentration of anti-CD163 and dexamethasone were determined by enzyme-linked immunosorbent assay using rat anti-mouse IgG1 (AbD Serotec) as capturing antibody and rat anti-mouse IgG heavy chain (AbD Serotec) or rabbit anti-dexamethasone (Abcam) as detecting antibodies.

***Plasma clearance of low dose 125I-labeled anti-CD163 in rats***. The rats were anesthetized and injected with a dose of 0.05 mg/kg of ^125^I-anti-CD163 (*n* = 3). Blood samples were collected from the sublingual vein of the tongue at multiple time-points post anti-CD163-dexamethasone injection. Plasma concentration of protein bound ^125^I was determined by precipitating protein from plasma using trichloroacatic acid.

***The rat in vivo LPS model***. Female Lewis rats (9--11 weeks) were injected intravenously with either anti-CD163-dexamethasone, control IgG-dexamethasone, free dexamethasone-phosphate (Sigma-Aldrich), or vehicle (PBS pH 7.4) (group size = 6 rats). After 19 hours, LPS (Sigma-Aldrich) (0.9 mg/kg) was injected intravenously in the tail vein. Blood samples were collected at the following time points: before glucocorticoid injection, 2 hours post-LPS injection, and again after 24 hours. Serum samples were analyzed for TNF-α and IL1β using the rat TNF-α ELISA kit (Invitrogen) and the rat IL-1β kit (Invitrogen) according to the manufacturer\'s instructions. Two days post-LPS challenge, the animals were anaesthetized using isoflurane, euthanized by cervical dislocation and thymus and spleen were removed and weighed.

***Analysis of systemic effects of anti-CD163-dexamethasone conjugate in rats***. Female Lewis rats (9--11 weeks) were injected intravenously twice with either anti-CD163-dexamethasone, control IgG-dexamethasone, free dexamethasone 21-phosphate (Sigma-Aldrich,), or vehicle (PBS pH 7.4) (group size 4 rats). Blood samples were collected at the following time points: before drug injection, 24 hours post first drug injection, and again 24 hours after the second injection. The animals were anaesthetized using isoflurane, euthanized by cervical dislocation and thymus and spleen were removed and weighed. Body weights were monitored daily. The plasma cortisol concentration was measured using the Cortisol assay from Roche Diagnostics (Roche Diagnostics, Hvidovre, Denmark) on a Cobas-6000 analyzer according to the manufacturer\'s instructions. In a second similar study, rats were injected four times at day 0, 2, 5, and 7 and killed on day 8 (*n* = 4).

[**SUPPLEMENTARY MATERIAL**](#sup1){ref-type="supplementary-material"} **Figure S1.** Analysis of structural integrity after dexamethasone conjugation of anti-CD163. **Figure S2.** Plasma clearance of low dose anti-CD163 in rats. **Figure S3.** A 9-day study of systemic nonmacrophage effect of anti-CD163-dexamethasone in rats measured as suppression of plasma cortisol concentration and reduction of organ (thymus and spleen) and body weight.
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A 9-day study of systemic nonmacrophage effect of anti-CD163-dexamethasone in rats measured as suppression of plasma cortisol concentration and reduction of organ (thymus and spleen) and body weight.
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![**Chemical structure of dexamethasone-hemisuccinate (MW 459 Da) linked to a primary amino group of the anti-CD163 antibody.** The conjugate contained in average four dexamethasone molecules per IgG as determined by reverse phase HPLC determination of total and free dexamethasone and determination of protein concentration.](mt2012103f1){#fig1}

![**Binding of anti-CD163-dexamethasone to CD163-expressing CHO cells and rat macrophages.** (**a**) Western blot analysis of the binding of anti-CD163 and anti-CD163-dexamethasone to lysate from CHO cells transfected with rat CD163 or mock-transfected CHO cells. (**b**) Flow cytometry of CHO cells expressing rat CD163 were incubated with anti-CD163 (solid curve) or anti-CD163-dexamethasone conjugate (dashed curve), and stained with anti-mouse IgG-FITC. The dotted curve represents negative control staining with anti-mouse IgG-FITC. (**c--e**) Flow cytometry (dot plot) of rat splenocytes were stained with anti-rat CD172a-PE (Ed-9), anti-rat CD4-APC, anti dexamethasone-PerCP, and anti-CD163-dexamethasone-Alexa Fluor 488 as shown in **c**,**d** or mouse isotype control IgG as shown in **e**. The percentage of CD4^+^ monocytes/macrophages are indicated in the quadrants. CHO, Chinese hamster ovary.](mt2012103f2){#fig2}

![**Uptake of ^125^I-labeled anti-CD163 in rat CD163-expressing cells.** Specific uptake of ^125^I-anti-CD163 in CHO cells expressing rat CD163 (left) or mock-transfected CHO cells (right), showing both cell associated anti-CD163 (open squares) and rate of degraded anti-CD163 measured as free ^125^I (filled squares). Values are mean ± 1 SD of triplicates. CHO, Chinese hamster ovary; SD, standard deviation.](mt2012103f3){#fig3}

![**Confocal fluorescence microscopy of the endocytotic uptake of anti-CD163-dexamethasone in CD163-expressing CHO transfectants and rat macrophages.** A mixture of nontransfected and CD163-transfected CHO cells (**a**) or rat spleen cell suspensions (**b**) were incubated with anti-CD163-dexamethasone for 30 minutes and 2 hours before staining with anti-mouse IgG-Alexa Fluor 488 (green), anti-dexamethasone-PerCP (red), and Hoechst 33342 (light blue) nuclei staining. Colocation of anti-CD163 and dexamethasone is indicated by yellow color in bottom panels of **a** and **b** displays, marked by white arrow. Specificity was confirmed by lack of anti-CD163-dexamethasone binding in CD163 nonexpressing cells in the single displays. CHO, Chinese hamster ovary; TNF-α, tumor-necrosis factor-α.](mt2012103f4){#fig4}

![**Anti-CD163-dexamethasone suppression of LPS-mediated TNF-α stimulation *in vitro.*** Rat spleen cells were cultured and incubated with serial dilutions of anti-CD163-dexamethasone conjugate, mouse IgG-dexamethasone, and free dexamethasone for 15 minutes, washed and incubated overnight. Cell supernatants were analyzed for TNF-α after 4 hours of LPS stimulation. The graph shows the normalized mean values ± 1 SD from six independent studies using six different rats for splenocyte preparation (range of maximum *TNF-α* levels was 100--200 pg/ml). Anti-CD163-dexamethasone was consistently significantly different from free dexamethasone (*P* \< 0.05) for all individual studies. SD, standard deviation; TNF-α, tumor-necrosis factor-α.](mt2012103f5){#fig5}

![**Increased anti-inflammatory efficacy of anti-CD163-dexamethasone.** Female Lewis rats were pretreated with anti-CD163-dexamethasone, free dexamethasone, mouse IgG-dexamethasone or vehicle (*n* = 6 per group) 19 hours before stimulation with LPS. The concentration of (**a**) TNF-α and (**b**) IL-1 in serum samples were determined 2 hours post-LPS injection in sandwich ELISA assays. Values are mean ± 1 SD. ELISA, enzyme-linked immunosorbent assay; SD, standard deviation; TNF-α, tumor-necrosis factor-α.](mt2012103f6){#fig6}

![**Time course of injected anti-CD163-dexamethasone.** Anti-CD163-dexamethasone was administrated intravenously and blood samples were collected at serial time-points post injection (*n* = 4). Serum concentrations of anti-CD163 (open circle) and dexamethasone (filled square) were determined in sandwich ELISA assays. Values are mean ± 1 SD. ELISA, enzyme-linked immunosorbent assay; SD, standard deviation.](mt2012103f7){#fig7}

![**Systemic nonmacrophage effect of anti-CD163-dexamethasone in rats.** Systemic effect was measured as suppression of (**a**) serum cortisol concentration and reduction organ ((**b**) thymus and (**c**) spleen) and (**d**) body weight. The cortisol concentration and the weight of the thymus, spleen, and whole body were measured upon killing the rats 2 days after injection of anti-CD163-dexamethasone, mouse control IgG-dexamethasone, free dexamethasone or vehicle at day 0 and 1 (*n* = 4 per group). Values are mean ± 1 SD. SD, standard deviation.](mt2012103f8){#fig8}
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